In slices of visual cortex, long-term potentiation (LTP) of synaptic responses in layer III can be evoked by high-frequency stimulation of a site in the middle of the cortical thickness, corresponding mainly to layer IV. In contrast, stimulation of the white matter-layer VI border typically fails to evoke LTP in adult visual cortex unless GABA A receptors are partially blocked. We performed current-source density (CSD) analysis to determine how the patterns of cortical activation compare under these different stimulation conditions. Single-pulse stimulation of the middle layers (corresponding to layer IV and superficial V) and the deep layers (corresponding to white matter and deep layer VI) yielded very similar CSD patterns. The major current sinks were located within 500 um of the pia, corresponding to layers II and III, regardless of the stimulation site. The amplitude of all current sinks was diminished, and the latency was increased, in the presence of high concentrations of divalent cations (12 mM Ca 2+ and 12 mM Mg 2+ ). Nonetheless, the major synaptic current sink was still present at a depth of -400 p.m regardless of the site of stimulation, indicating that stimulation of either site leads to monosynaptic EPSCs in layer III. However, superficial sinks, at a depth of -200 |im, were virtually eliminated by high concentrations of divalent cations after deep layer stimulation, but not after middle layer stimulation, suggesting that stimulation at the two sites recruits different monosynaptic circuits. This conclusion was supported by experiments using paired-pulse stimulation of the two sites (12.5 ms interstimulus interval). While there was little evidence of a paired-pulse interaction after stimulation of the middle layers, there was marked paired-pulse suppression of superficial layer III current sinks after stimulation of the deep layers. Taken together, the data suggest a model in which deep layer stimulation activates the dendrites of layer III cells by a monosynaptic route and by a disynaptic route. The disynaptic input originates in the middle cortical layers and is controlled by inhibition. Differences in synaptic plasticity evoked from the different sites could be explained if the recruitment of middle layer inputs were required for the generation of LTP in layer III.
Introduction
In recent years, there have been an increasing number of investigations of long-term potentiation (LTP) using in vitro slices of neocortex (reviewed by Tsumoto, 1992; Bear and Kirkwood, 1993 )-In most of these studies, cortical axons are stimulated at the white matter-layer VI border and responses-either intracellular EPSPs or field potentials-are recorded in layer HI. A consistent finding has been that LTP is difficult to elicit with high-frequency stimulation in slices from mature animals unless inhibition is reduced pharmacologically (e.g. Artola and Singer, 1987; Bear etaL, 1992) .
Recent work has shown that LTP can be readily elicited in adult visual cortical slices without pharmacological treatments, if the middle of the cortex, rather than white matter, is stimulated Kirkwood and Bear, 1994; Castro-Alamancos et aL, 1995) . These data suggest an explanation for why treatments to reduce inhibition permit LTP after white-matter stimulation: they may unmask excitatory circuits, originating in the middle cortical layers, that are required for the establishment of LTP in layer III. The idea that activation of a middle layer input to layer HI is required for LTP induction, and that the synaptic recruitment of this input is regulated by inhibition, has been called the 'plasticity gate hypothesis' .
A number of groups have used the method of current-source density (CSD) analysis in visual cortical slices to analyze the spatiotemporal patterns of activity that result from white matter stimulation (Bode-Greuel etaL, 1987; Perkins and Teyler, 1988; Komatsu et aL, 1988; Langdon and Sur, 1990) . In the present study, we have used this method to compare the effects of white matter stimulation with middle layer stimulation, with the aim of better understanding how LTP in the visual cortex is regulated. A preliminary account of these data has appeared in abstract form (Aizenman etaL, 1994) .
Materials and Methods

Slice Preparation
The experiments described in this paper were performed on transverse slices prepared from the visual cortex of adult (2: 150 g), male, Long-Evans rats. Each animal was deeply anesthetized by exposure to methoxyflurane vapors and was decapitated soon after the disappearance of any corneal reflexes. The brain was rapidly removed and immersed in ice-cold dissection buffer containing (in mM): Nad, 124; KC1, 5; NaH 2 PO4, 1.25; MgCb, 1; CaCh, 2; NaHCC>3, 26; dextrose; 10; kynurenate, 1. A block of visual cortex was removed and sectioned in the coronal plane into 0.4 mm thick slices using a Microslicer (DTK 1000; Ted Pella, Inc., Redding, CA). These slices were collected in ice-cold dissection buffer and gently transferred to an interface slice chamber (Medical Systems Corp., Greenvale, NY). Here, the slices were maintained in an atmosphere of humidified 95% O 2 and 5% CO 2 , and superfused with 35°C artificial cerebrospinal fluid (ACSF) at a rate of 1 ml/min. The ACSF was saturated with 95% O2 and 5% CO2, and had the same composition as the dissection buffer except that kynurenate was omitted. Kynurenate was included in the dissection buffer to prevent any toxicity caused by excitatory amino acid release from the tissue during cutting. Slices were left undisturbed for SI h before beginning an experiment; during this equilibration period in the slice chamber, any traces of kynurenate were washed away. cortical thickness. These figures were in close agreement with measurements taken from the Ziles (1985) atlas of rat neocortex (area OC1). Averaging data from our histology and the Ziles atlas, and expressing the data as a percentage of the distance from pia to white matter, the superficial border of layer IV is 34.2 ± 0.9% (mean ± SEM), the superficial border of layer V is 47.0 ± 1.4%, and the deep border of layer V is 70.5%. Thus, the site of middle layer stimulation encompassed lower layer IV and superficial layer V, but excluded layer III. In the CSD profiles where histological confirmation was not possible, we estimate laminar borders using these percentages. Evoked FPs were digitized at 20 kHz and stored on an AST 386 IBM-compatible computer using Experimenter's Workbench (BrainWave Systems Corp., Boulder, CO). At the start of each experiment, recordings were made at a depth that yielded the maximum negative FP (-^00 urn from the pia), and a full input-output curve was constructed. A stimulation intensity was selected for baseline measurements and CSD analysis that yielded between one-half and two-thirds of the maximal response. In the experiments described here, the negative FP in layer III was between O.5 and 1.0 mV evoked with a stimulation intensity of <100uA.
Baseline measurements were collected using single shocks every 15 s. In experiments in which induction of LTP was attempted, five 'theta bursts' (Larson etal, 1986) were delivered at 0.1 Hz. Theta bursts consist of 10 stimulus trains delivered at 5 Hz; each train consists of four pulses at 100 Hz. Pulse intensity and duration during theta burst stimulation (TBS) was the same as for baseline.
CSD Analysis
Before performing a CSD analysis, at least 20 min of baseline responses were collected to control for stability of the preparation. After the CSD analysis was performed, responses were again collected at the depth the initial baseline was measured in order to assess the possibility of decay of the preparation during the CSD analysis. Only stable preparations were analyzed further.
In order to perform a CSD analysis, FPs were recorded at different depths along a track normal to the surface of the visual cortex, displaced laterally -50 um from the stimulation site. Recording depths were separated by intervals of 50 or 100 um. Four consecutive responses (collected at 0.07 Hz) were recorded and averaged at each depth, starting at the pia and ending in the white matter. From the set of FPs, the CSD profile was calculated according to the method described by Mitzdorf (1985) , using a spatial differentiation grid of 200 um. Calculations were performed using Igor software (Wavemetrics) on a Macintosh computer. To obtain the two most superficial CSD traces (at 0 and 100 um from pia) the response recorded at the pia-bath border was extrapolated beyond the border of the slice as described by Vaknin et al (1988) . The summation of the CSDs traces at all the depths gave values close to zero, indicating that the sinks and sources did cancel out. In order to visualize better the spatiotemporal patterns of cortical activation, the data were also displayed as image plots using a Silicon Graphics Indigo computer. Image plots were generated by linearly interpolating data from the conventional CSD along the depth axis using S-PLUS statistical software (Statistical Sciences, Inc., Seattle, WA). Figure 1 illustrates how the data are transformed from FPs to a conventional CSD profile to an image plot. In this example, the conventional CSD yields 16 waveforms, each containing 400 data points (Fig. IB) . The 16 * 400 matrix is converted into a 200 * 400 matrix by linear interpolation in the depth axis, and the current source densities are displayed as grey levels ( Fig. 1Q . The CSD analysis we employed assumes that conductivity of the cortex is constant throughout its depth, and that the net current flow in the cortical slice is one-dimensional along a line normal to the cortical surface. These assumptions may not be completely valid (Hoeltzell and Dykes, 1979; Langdon and Sur, 1990). As a first approximation of the spatiotemporal patterns of cortical activation, however, one-dimensional CSD analysis has proved to be extremely useful for the investigation of functional visual cortical circuits (Mitzdorf and Singer, 1978, 1980 
Results
Twenty-six slices of visual cortex from adult, male, Long-Evans rats were used for CSD analyses. Middle layer stimulation was used in 10 of the slices, deep layer stimulation was used in 11 slices, and both middle and deep layer stimulation was compared directly in five slices. 
CSD Profiles Evoked by Deep and Middle Layer Stimulation
As expected from previous studies of rat visual cortex (Perkins and Teyler, 1988; Bode-Greuel et al, 1987) , we observed that deep layer stimulation produced a CSD distribution characterized by two prominent series of current sinks: (i) layer n-IH sinks (with corresponding sources), peaking within 400 um from the pia, and (ii) layer V sinks, peaking at a depth of -1200 um with sources located below and above. One example is shown in Figure 2 (left). The layer n-in sinks were always of large amplitude and relatively brief duration, peaking at 5.9 ± 0.3 ms (mean ± SEM; n = 11) and ending by -15 ms post-stimulus. The layer V sinks were of much smaller amplitude, but could extend for 20 ms or more following the stimulus.
Stimulating the middle layers in the same slice produced a CSD profile that was quite similar to that observed after deep layer stimulation (Figure 2, right) . In all cases there were large layer n-IQ sinks, peaking within 400 um of the pia. In 5/10 cases, long-lasting sinks were also observed in layer V, at a depth of-1200um.
Previous work has shown that TBS of the middle layers, but not of the deep layers, will result in LTP of synaptic responses in layer ffl Kirkwood and Bear, 1994) . In three experiments we performed a CSD analysis of the evoked FPs before and after TBS of the middle layers. In every case, we observed a substantial increase in the layer H-m current sink (151 ± 17% of baseline control). In one case, illustrated in Figure  3 , there was also a marked potentiation of the layer V current sink. In this case, the amplitude of the current sink 300 (im from the pia was 183% of control 20 min after TBS. The maximum deep layer sink, at a depth of 1100 um, was increased by 156%. Given the substantial layer ni projection to layer V (Burkhalter, 1989) , the increase in the layer V sink might have been secondary to the increase in the layer III sink.
Effects of High Divalent Ion Concentrations
To account for differences in our ability to elicit LTP of synaptic responses in layer in following TBS, we hypothesized that synaptic excitation of layer III after deep stimulation is disynaptic and depends on activation of layer IV neurons. If this were true, synaptic failures at high stimulation frequencies could account for why TBS of deep layers fails to produce LTP. Stimulation in the middle layers, in contrast, would be expected to activate directly a substantial monosynaptic input to layer in that could follow at high stimulation frequencies.
To discriminate between current sinks resulting from monosynaptic versus polysynaptic activation, we performed CSD analyses of FPs evoked by stimulation of the deep and middle layers in the presence of high divalent cation concentrations (12 mM Ca 2+ , 12 mM Mg 2 *). This treatment suppresses preferentially polysynaptic over monosynaptic responses in cortex (Sah and Nicoll, 1991) by raising the threshold for action potentials (Frankenhaeuser and Hodgkin, 1957) .
High concentrations of divalent cations increased the latency and decreased the size of the FPs, and the major current sinks, regardless of the position of the stimulating electrode. CSD distributions following middle layer stimulation before and during application of high concentrations of divalent cations are shown in Figure 4A ,B respectively. The magnitude of the current sink in the superficial layers is reduced, and the latency is increased. These changes probably result from the increased action potential threshold and fewer presynaptic fibers recruited by high concentrations of divalent cations. Nevertheless, the locations and durations of the sinks are relatively unperturbed by high divalent ion concentrations after middle layer stimulation (cfFig. 44,O. Figure 4DJE shows the CSD patterns that result from deep layer stimulation before and during application of high concentrations of divalent cations. A prominent superficial layer sink at a depth of -400 urn clearly remains even when polysynaptic transmission is blocked. However, we also, noticed in every case that the most superficial sink no longer extended into layer n (at a depth of -200 Jim) after deep layer stimulation in high concentrations of divalent cations.
On average, the amplitude and area of the 400 urn deep current sink evoked by middle layer stimulation were reduced to 42 ± 2 and 47.3 ± 9% of control respectively (mean ± SEM). Similarly, the amplitude and area of the 400 um deep sink evoked by deep layer stimulation were reduced to 47 ± 16 and 67.4 ± 24% of control respectively (n = 3 for both stimulation sites). However, the most superficial sink (recorded at a depth of 200 urn) was more affected by high divalent ion concentrations when it was evoked by deep layer stimulation (amplitude and areas reduced to 12 ± 3 and 11.3 ± 7% of control respectively) than when evoked by middle layer stimulation (amplitude and areas reduced to 36 ± 8 and 44 ± 5% of control respectively).
Effects of Paired-Pulse Stimulation
LTP normally is induced by high-frequency synaptic activation; therefore, we used paired pulses to investigate how the spatiotemporal patterns of cortical activation differ during repetitive activation of the two stimulation sites. An inter/stimulus interval (ISI) of 12.5 ms was used in these experiments (w = 3 for each stimulation site). This ISI was short enough to resemble that used during TBS, but long enough so that the CSD patterns from the two stimuli would not blend together. An example of the CSD distributions observed during paired-pulse stimulation of the deep layers is shown in Figure 5B . A marked depression of the response to the second pulse was observed, especially in the current sinks within 400 urn of the pia. This contrasts markedly with the effect of paired-pulse stimulation of the middle layers in the same slice, as shown in Figure 5A . There was no evidence of paired-pulse depression of the superficial layer current sinks; indeed, in this case there was some facilitation of the amplitude of the sinks within 400 (im of the pia.
On average, paired pulse stimulation in the deep layers caused a depression in the maximum amplitude (52 ± 23%) and area (51 ± 22%) of the layer Il-in sinks evoked by the second stimulus, whereas no significant effect (5 ± 7% area, 0 + 17% amplitude) was seen using middle layer stimulation. This significant difference indicates that high-frequency stimulation of the two sites effectively recruits different synapses in the superficial layers.
Effects qfBicucuUine on Synaptic Currents
Previous work has shown that application of the GABAA receptor antagonist bicuculline methiodide (BMD will enable induction of LTP by high-frequency stimulation of the deep layers (reviewed by Bear and Kirkwood, 1993) . In three experiments, we bath applied 0.5 |iM BMI to the slices to investigate how this drug treatment alters the spatiotemporal patterns of cortical activation following deep layer stimulation. A representative example is shown in Figure 6 . A consistent observation was the unmasking of long latency sinks (>8 ms post stimulus) in layers n-HI and V. In two out of three cases we also observed an enhancement of an early sink in the deep layers, which in Figure  6B can be seen as two parallel ascending brushstrokes.
In two experiments, the NMDA receptor antagonist 2-amino-5-phosphonovaleric acid (AP5; 50 uM) was applied during BMI treatment. Consistent with previous observations (Bear et al, 1992) , we found that components of the negative FP with a latency >8 ms were diminished in AP5. CSD analysis showed that the late superficial sinks were substantially reduced by blockade of NMDA receptors (Figure 7) . In contrast, the earliest synaptic current sinks (latency -5 ms) were relatively unaffected.
Discussion
The major findings of this study may be summarized as follows, (i) Stimulation of deep layer and middle layer sites evokes similar CSD profiles, characterized by a prominent current sink at a depth of -400 urn, corresponding to deep layer in, continuous with a longer latency sink at a depth of-200 nm, corresponding to superficial layer m and layer II. (ii) The sink in deep layer in is activated monosynaptically from both stimulation sites, while the superficial n-III sink appears to be activated monosynaptically only by middle layer stimulation, (iii) The layer n-m sinks show a marked paired-pulse depression after deep layer stimulation, but not after middle layer stimulation, (iv) Reduction of inhibition reveals many long-latency current sinks and sources, including a marked enhancement and prolongation of the superficial layer n-lH sink. Figure 8 presents a highly simplified model of cortical circuitry that can account for the major findings of this study. According to the model, deep layer stimulation activates the dendrites of layer in cells by a monosynaptic route and by a disynaptic route. Monosynaptic activation of layer m cells following deep layer stimulation has been observed previously in slice preparations of visual cortex (e.g. Komatsu et al., 1991) . The anatomical substrate of this monosynaptic pathway is likely to include ascending cortico-cortical axons and axon collaterals of layer V neurons. An anatomical substrate of the disynaptic pathway is likely to be the thalamic innervation of excitatory layer IV neurons which, in turn, synapse in layer m. Other inputs to layer IV may contribute to this pathway as well, including collaterals of layer VI neurons. The model also includes local inhibitory synapses in layers in and IV. It should be noted that the model in Figure 8 is consistent with the known anatomy of rat visual cortex (Burkhalter, 1989) , as well as the 'canonical' cortical microcircuit proposed by Douglas and Martin (1991) . According to this model, the layer IV inputs to layer m are activated disynaptically by deep layer stimulation, but directly by middle layer stimulation.
Interpretation of CSD Profiles in Neocortex
One-dimensional CSD analysis has been used by many investigators to analyze the spatiotemporal patterns of visual cortical activation (Mitzdorf and Singer, 1978,1980; Bode-Greuel et aL, 1987; Perkins and Teyler, 1988; Komatsu et al, 1988; Ferster, 1990; Langdon and Sur, 1990; Friauf and Shatz, 1991; Kossut and Singer, 1991) . The picture provided by this method is incomplete, however, because it reveals only long current loops that flow along a line running normal to the cortical surface. In visual cortex, synaptic activation of long apical dendrites generates an inward current that flows within radially oriented dendritic cables for some distance before escaping into the extracellular fluid to complete the loop. Thus, the cortical depths where pyramidal cell apical dendrites are synaptically activated are easily revealed by CSD analysis as current sinks. However, activation of cells with short dendrites, or with dendrites that are not aligned along a line normal to the cortical surface, would not be readily apparent using CSD analysis. The practical consequence of this fact is that activation of layer IV cells, with short stellate dendritic arbors, is either not revealed or grossly underestimated using the CSD method. Likewise, currents flowing into the basal dendrites of pyramidal cells contribute little to the one-dimensional CSD distribution. Thus, while the CSD analysis has proved to be very useful for studying the pattern of synaptic currents in superficial layer apical dendrites, an absence of sinks at other cortical depths does not necessarily signify the absence of synaptic activation. A second caveat in the interpretation of CSDs concerns the extent to which the current sinks are synaptic in origin. Antidromic and orthodromic action potentials, synchronously conducted in bundles of axons, can cause current sinks and sources in a CSD distribution. However, previous work using slices of sensory neocortex (maintained under the conditions of our experiments) has shown that all FP components with a latency greater than -3 ms are abolished by pharmacological blockade of synaptic transmission and by lowering [Ca 2 *]o (Kimura etaL, 1989; BorronietaL, 1991; Bear etaL, 1992; ) . On the other hand, the contribution of synchronous cell firing to sinks recorded in neocortex is considered to be negligible because the somas of pyramidal cells are not restricted to a single lamina (Borroni et aL, 1991) . Therefore, we can be confident that the major current sinks in layer D3, which peak at >5 ms, result from synaptic currents into the apical dendrites of pyramidal cells.
A third important consideration in the interpretation of CSDs is the source of the synaptic activation. It is usually assumed that corticopetal axons or cortical neurons directly under the bipolar stimulating electrode are triggered to fire one action potential in response to the current pulse, and it is this synchronous activation that then leads to the observed synaptic current sinks and sources. While this is undoubtedly true, it is also possible that neurons in the slice are antidromically activated. For example, stimulation in the middle or deep cortical layers could antidromically activate layer m neurons, and this could cause synaptic activation via their collaterals in layer HI (Langdon and Sur, 1990 ). Although we cannot rule out this possibility in our study, intracellular recordings suggest that antidromic activation of layer HI pyramidal cells is very rare under our stimulation conditions . Of 63 neurons recorded intracellularly in layer HI, only five (8%) were antidromically activated from middle layer stimulation at the intensity used to study FPs. We do not have similar data for layer V and VI pyramidal cells, however, and antidromic activation of these neurons after white-matter stimulation would be expected to recruit intracortical collaterals innervating layers in and IV respectively. These caveats notwithstanding, we also note that flash-evoked activation of retinofugal pathway in vivo can lead to a CSD pattern in visual cortex that is similar to that observed in slices following electrical stimulation, notably including a prominent layer HI synaptic current sink following activation of thalamic-recipient neurons in layer IV (Mitzdorf and Singer, 1978; Vaknin etal., 1988; Ferster, 1990; Kossut and Singer, 1991; Kenan-Vaknin and Teyler, 1994) .
Comparison with Previous Studies of Rat Visual Cortex
Prominent superficial layer and deep layer current sinks-one within 500 um of the pia peaking at a latency of -5 ms, and another at a depth between 1000 and 1200 um-were observed in slices of rat visual cortex following white matter stimulation by Bode-Greuel et aL (1987) , by Perkins and Teyler (1988) and, most recently, by Kenan-Vaknin and Teyler (1994) . The superficial sink occurs in cortical layer m and the deep sink occurs in layer V. In addition, all studies report small and variable current sinks at a depth ranging from 600 to 900 um, corresponding to cortical layer IV. Thus, the CSD profiles we observed after stimulation of the deep layers are in very close agreement with these previous findings.
Although our results are consistent with most previous studies using visual cortical slices, they do differ considerably from those in a report by Langdon and Sur (1990) . In that study, the layer HI synaptic current sink (called 'Wl') peaked 10-20 ms post stimulus, 2-4* the latency to peak we and others have found in the superficial layers. They found that the layer m current sink typically lasts for >50 ms, ~5
X longer than what we and others have observed. They also found that the CSD profiles were characterized by a series of rapid oscillations that we and others have failed to observe. We do not know the reasons for these discrepancies, although we note that there are some differences in the composition of the ACSF and in the method for preparing slices. In addition, the stimulation intensities used by Langdon and Sur were 50-100* greater than what we have used. The long-latency layer in responses bear some resemblance to what we observe in BMI (Figure 6 ), suggesting that inhibition possibly was less effective in the slices used in that study. Furthermore, the high stimulation intensities may have activated axons with smaller diameters (and higher thresholds) than those we activate with lower stimulation intensities. Whatever the explanation for the differences between studies, it is important to point out that the CSD profiles evoked by deep layer stimulation in our experiments are nearly identical to those evoked in rat visual cortex in vivo by a flash of light, in terms of depth distribution, onset latency and duration of current sinks (Vaknin et aL, 1988; Kenan-Vaknin and Teyler, 1994) .
Our findings are in agreement with those of Luhmann and co-workers who report paired-pulse suppression of FPs evoked in visual cortex by deep layer stimulation (Luhmann and Heinemann, 1992; Luhmann et aL, 1993) . Luhmann and coworkers suggest that recruitment of cortical inhibition by the first pulse blunts the response to the second pulse. It is interesting, therefore, that stimulation of the middle cortical layers causes significantly less paired-pulse suppression of the current sinks in layer n-HI. Paired-pulse studies of layer n-IH FPs, now in progress, confirm that the difference between deep and middle layer stimulation holds for stimulation intensities yielding >50% of the maximal response across interstimulus intervals ranging from 10 to 100 ms (Frank et aL, 1995) . An interpretation consistent with these data is that both types of stimulation activate inhibition, but some of the inhibitory circuits recruited by deep layer stimulation are bypassed by stimulation of the middle cortical layers.
The fact that inhibition limits the patterns of polysynaptic activation of visual cortex following stimulation of the WM is plainly revealed by the effects of BMI. Even the slight reduction of inhibition caused by 0.5 uM BMI unmasks many long-latency current sources and sinks in the superficial and deep layers. Some of these long-latency sinks in layer n-in are AP5-sensitive, raising the interesting possibility that a polysynaptic WM -»layer in pathway may be especially important for activating NMDA receptors on layer in apical dendrites.
Implications for the Regulation ofLTP
LTP of synaptic current sinks may be evoked reliably in the absence of GABA antagonists by high-frequency stimulation of the middle cortical layers (superficial V and IV), but not by conditioning stimulation of the deep cortical layers (WM and deep VI) (Kirkwood etaL, 1993; Kirkwood and Bear, 1994) . The CSD data obtained in this study suggest why.
We have found that single-pulse stimulation of the deep layers evokes superficial layer current sinks that are very similar to those evoked from the middle layers. A significant fraction of this activation of layer HI is monosynaptic, regardless of stimulation site. Our results using high concentrations of divalent cation and paired-pulse stimulation indicate, however, that an important current sink in superficial layer UI is activated monosynaptically from the middle cortical layers, but disynaptically from the deep layers (input 2 in Figure 8 ). And, our results using BMI and paired-pulse stimulation suggest that activation with deep layer stimulation of the disynaptic input is also limited by inhibition. Thus, when inhibition is intact, the middle layer input to layer in is recruited far more reliability by direct high-frequency stimulation of the middle layers than it is by stimulation of the deep layers. Differences in synaptic plasticity evoked from the different sites could be simply explained, therefore, if the recruitment of middle layer inputs were required for the generation of LTP in layer m.
